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(57) Abstract: The level of a force or torque (T) exerted by a rider on the pedals (27) of a bicycle (1) is calculated by a signal- 
processing device (40) on the basis of a measurement signal which is obtained from a sensor (50) which is attached to the frame 
(10) of the bicycle in order to measure the deformation which occurs in the frame. The sensor (50) may comprise one or more strain 
gauges. Furthermore, the invention describes a way of actuating a hub motor (45) on the basis of the chain force. This arrangement 
always offers the considerable advantage that a single sensor (74; 50) is sufficient, and that this sensor can be mounted on the same 
bicycle component as that to which the control member (40) is attached, namely the rear axle (6) itself or the inner race (71) of the 
wheel bearing (7) which is fixed to the rear axle. A bending sensor (50) which is mounted on the rear axle measures the bending 
which occurs in the rear axle itself as a result of the pedalling force. A pressure sensor (74) which is mounted in the wheel bearing 
(7) measures the compressive forces caused in the wheel bearing by the chain force. 
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METHOD AND DEVICE FOR MEASURING THE EFFORT MADE BY A CYCLIST 



Title: Method and device for measuring an effort made by a 

cyclist, and method and device for measuring the tension 
5 in a bicycle chain 



The present invention relates in particular to the 
measurement of a force exerted by a cyclist, but the present 
invention is more widely applicable. 

10 In a first aspect, the present invention relates in 

general terms to the measurement of a force or torque which is 
exerted by a cyclist, as a measure of the effort made by that 
cyclist. Measurement data of this nature is generally already of 
use when athletes are training, possibly in combination with 

15 heart rate measurements. Furthermore, this measurement data can 
be used to control, inter alia, automatic acceleration systems. 
Automatically changing acceleration systems for bicycles are 
already known. Therein, the rotational speed of the crank system 
is always used as the exclusive information source for 

2 0 determining the moment of changing. However, this does not lead 
to optimum changing, since the pedalling speed is not always a 
good indication of the effort being made by the cyclist. Better 
determination of the moment of changing can be achieved by using 
both the pedalling speed and the pedalling force as information 

2 5 sources. 

However-, there is a need in particular for a measurement 
as mentioned above in the field of electrically assisted 
vehicles, i.e. vehicles which are provided with an electric 
drive motor, the driving force supplied by the electric driving 

3 0 motor being proportional to the effort made by the driver. 

Therefore, in the following, the present invention will be 
explained specifically for this application field, more 
particularly the field of electrically assisted bicycles. 
However, it is expressly pointed out that the present invention 
35 is not restricted to the application field of electrically 
assisted bicycles, but rather can also be used for other 
vehicles which are driven by human force. It is also possible 
for the present invention to be used for, for example, ordinary 
bicycles or exercise machines of the bicycle type. 
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Furthermore, the present invention can be employed in 
conjunction with other auxiliary devices of which the control 

* • 

depends on the cycling performance, such as for example 
automatically changing acceleration systems for cyclists. 
5 Vehicles which are driven by human force are generally 

known, and the bicycle is the most common application thereof. 
As is known, a bicycle comprises a frame and a crank system 
rotatably mounted in the frame, with a substantially 
horizontally oriented crank and two crank arms which are mounted 

10 at the respective ends of the said crank, are perpendicular to 

the crank and are provided with pedals at their respective ends. 
The rider of the bicycle uses his feet to set the crank system 
in rotation with respect to the frame, and this rotation is 
transmitted, usually by means of sprockets and a chain, to at 

15 least one of the wheels of the bicycle, usually the rear wheel. 
The pedalling force exerted by the rider is translated, via the 
lever action of the crank arms, into a driving moment or driving 
torque in the crank and, via the said transmission system, to 
the driven wheel. 

20 In general, there is a need for auxiliary force means 

which enable the rider of the bicycle to achieve the same 
performance with reduced effort, such as when cycling into the 
wind or uphill . Bicycles which are provided with auxiliary force 
means of this nature are already known per se and, in the 

25 context of the present invention, will be referred to by the 
term "electrically assisted bicycle" . With bicycles of this 
type, an electric motor is provided, which is coupled to the 
crank system or the wheels, is powered from a battery and is 
actuated by a control member, for example a suitably programmed 

3 0 microprocessor or the like. The actuation by the control member 
is generally dependent on the speed of the bicycle and on the 
force exerted by the rider. If the rider is not exerting any 
force on the pedals, the electric motor does not emit any power. 
If the rider is exerting a force on the pedals, the electric 

35 motor does provide an auxiliary force. The characteristics of 
the auxiliary force, that is to say the ratio between the 
auxiliary force and the human force as a function of the human 
force and of the speed, can in principle be programmed as 
desired; usually, the said ratio is constant until a certain 
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speed threshold is reached, and then decreases to zero above 
this speed threshold. Consequently, the objective cycling 
performance, such as speed, will still be dependent on the level 
of effort made by the cyclist, but this effort will be 
5 considerably less than if the auxiliary source of force were 
absent . 

In order to be able to actuate the electric motor with a 
variable power depending on the pedalling force provided by the 
rider, it is necessary for the control member to be provided 

10 with a pedalling-f orce sensor which is able to measure the 

pedalling force provided by the rider or at least to generate a 
signal which is representative of this pedalling force. Various 
proposals for such pedalling-f orce sensors have been made in the 
prior art. American patent 5.915.493 describes a complicated 

15 mechanical structure for measuring the pedalling torque in the 
crank system. This mechanical structure comprises a planetary 
system with a sun gear to which a spring- loaded lever is 
attached. When a pedalling force is exerted, the sun gear will 
turn a little, counter to the spring force, and the extent of 

20 rotation of the said sun gear is a measure of the force supplied 
by the rider. However, this known system is complicated, large 
and heavy. It requires gears and bearings as well as a closed 
housing and a large number of moving components, making the 
system heavy and expensive. Furthermore, friction occurs in the 

25 system, with the result that there is a reduction in effective 
pedalling force and undesirable noise is produced. Furthermore, 
the fact that hysteresis effects occur in the system is a 
fundamental drawback to measuring the reaction torque of a sun 
gear. On account of the necessary depression of a spring for the 

3 0 actuation of a potentiometer, the reaction time of the torque- 
measuring system will show a delay compared to a crank system 
without such a spring, with the result that both the cycling 
sensation and the control signal to the control unit 
deteriorate. Moreover, there is a need for a force-measuring 

35 system which can easily be arranged on "ordinary" bicycles, i.e. 
bicycles which are not provided with an auxiliary power source; 
the system known from the said publication is not suitable for 
this purpose. 
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American patent 5.027.303 describes a measuring system 
in which the crank and/or the sprocket is provided with strain 

w 

gauges. A significant drawback of this system is that the sensor 
is connected to the moving components of the crank system, while 
5 the control member is attached to the stationary frame, such 
that it is relatively complicated to transmit the measurement 
signal to the control member. The design with carbon brushes 
proposed in the publication takes up space, increases the risk 
of noise in the signal and gives rise to contamination. 

10 Furthermore, systems which are based on measuring the 

tension in the chain, in which the tension force in the chain 
acts on a spring-preloaded lever, have been proposed. Therein, 
the position of the lever is a measure of the force in the 
chain. This system too is fragile, liable to damage, susceptible 

15 to wear and contamination and, moreover, cannot be used in 
combination with a derailleur system. 

Moreover, all the known systems have the drawback of 
reacting only to the driving torque generated in the drive line. 
This has two main drawbacks. Firstly, these systems are unable 

20 to measure the direction in which the force is exerted, and also 
can not distinguish between forces which are exerted by the left 
leg or the right leg. Secondly, these systems do not react to 
the actual force exerted by the rider. After all, if the 
direction of the force exerted by the rider runs through the 

2 5 axis of rotation of the crank system, for example if a pedal is 

situated in the vicinity of its uppermost position, the driving 
force will be low or even zero, while the force exerted may be 
considerable . 

It is a general object of the present invention to 

3 0 overcome the abovementioned drawbacks. 

More particularly, the present invention aims to provide 
a relatively simple sensor for measuring a pedalling force 
exerted by a cyclist. 

It is a particular object of the present invention to 
3 5 provide a sensor which is able to measure both the pedalling 
speed and the pedalling force. 

It is a common feature of all the known sensor systems 
described above that they are based on carrying out a 
measurement on one or more moving components in the drive line. 
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The present invention is based on the insight that it is not 
necessary to carry out the measurement at one of the moving 
components . 

The present invention is based on the insight that the 
5 force exerted on the pedals by a cyclist leads to a tension 

prevailing in the chain and that this tension leads to reactive 
forces in the stationary components of a bicycle, and that these 
reactive forces then lead to deformations of the frame or to 
deformation of one or more components which are securely 
10 attached to the said frame. 

Therefore, based on this insight, the present invention 
proposes that deformations of this nature be measured, in order 
for the chain force or the pedalling force to be derived 
therefrom. 

15 Surprisingly, it has proven possible to generate a 

reliable measurement signal by measuring the deformation which 
occurs in the frame as a result of the effort exerted by the 
rider. A significant advantage of this measuring method proposed 
by the present invention is that the measurement of the frame 

2 0 deformation can be carried out relatively easily with the aid of 

relatively simple measuring instruments, while the transmission 
of the electrical measurement signals to a control unit attached 
to the frame can be carried out by means of a simple fixed wire 
connection . 

25 Japanese patent publication 1996-268.372 describes a 

bicycle in which a pedalling force is measured by measuring a 
deformation of the bicycle frame. However, in this known system 
at two locations, namely the left-hand and right-hand seat 
stays, the strain occurring there is measured, and the pedalling 

3 0 force is measured by subtracting the two measured changes in 

length from one another. However, the measured changes in length 
occur not only as a result of pedalling force but also, for 
example, when cornering. To be able to correct for this problem, 
this known system requires two correction sensors on either side 
35 of the horizontal upper frame tube of the bicycle frame. All in 
all, this known system requires four sensors. This large number 
of sensors makes this known system relatively expensive. 

It is therefore a particular object of the present 
invention to use a smaller number of sensors, and preferably 
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only a single sensor, to generate a deformation signal which in 
a reliable way is a measure of the effort supplied by the 
cyclist . 

As measurement sensor for measuring the deformation at a 
5 specific point of the frame, it is possible to utilize any 
deformation detectors which are known per se, such as strain 
gauges, piezo elements, etc. 

In principle, deformation will occur in the entire frame 
when the cyclist is exerting a pedalling force. Therefore, in 

10 principle any desired position on the frame is suitable for 

positioning the sensors. However, the deformation characteristic 
of a bicycle frame is dependent on a number of factors, such as 
materials used, dimensions and contours of the tubes, etc, and 
it is recommended to provide the strongest possible measurement 

15 signal by positioning the deformation detectors at a frame 

position with a relatively great deformation. Moreover, a change 
in length is less suitable for generating a reliable measurement 
signal; according to the invention, it is recommended to measure 
a bending or torsion caused by the pedalling force. A position 

2 0 which tests have shown to be suitable is the lower frame tube, 
where on the one hand there is relatively great deformation 
while on the other hand the distance to a control unit for an 
auxiliary electric motor will be short. 

In an alternative embodiment, the present invention 

2 5 proposes measuring the deformation of the rear axle as a result 

of the pedalling force exerted thereon. 

In another alternative embodiment, the present invention 
proposes measuring forces in one or more bearings of the rear 
axle or of the crank. 

3 0 Depending on the position on the frame, the deformation 

to be measured will be a bending, a turning or a combination 
thereof. It will be clear to a person skilled in the art how the 
deformation detectors used, for example strain gauges, should be 
arranged at the measurement location so that the deformation 
3 5 detectors respond to the desired extent to deformation caused by 
bending or turning . 

In a second aspect, the present invention relates in 
general terms to a system for measuring a driving force in a 
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transmission system, in particular a transmission system of the 
type which comprises two transmission wheels which are coupled 
to one another by a substantially loop- shaped force- transmitting 
member fitting around the said two transmission wheels and which 
5 is closed in itself. The said transmission wheels may, for 
example, be designed as a pulley or gearwheel. The force- 
transmitting member may, for example, be designed as an 
optionally toothed belt or strap or cord, or, for example, as a 
chain. 

10 A system of this type can be used in particular in a 

vehicle which is driven by human force, where it may be 
desirable to have means for measuring the driving force 
prevailing in the transmission system, as a measure of the 
effort supplied by the driver. This requirement too relates in 

15 particular, but not exclusively, to the field of electrically 
assisted vehicles. 

Hereinafter, this aspect of the present invention will 
also be explained specifically for the application example of an 
electrically assisted bicycle. However, it is expressly pointed 

2 0 out that the invention can also be applied to other fields, for 

example in wheelchairs, vehicles which are driven by hand, etc. 
In another application, it may be desirable to calculate the 
power supplied by the cyclist, for example in a situation such 
as that of an exercise bicycle, or for racing cyclists cycling 
25 on the road; in both cases, there will be no electric drive 
motor. In yet another application, it may be desirable to 
automatically control a transmission system of a vehicle, such 
as a bicycle, on the basis of the force supplied by the driver: 
when this force increases, it is possible to change down 

3 0 automatically. 

In the application example of an electrically assisted 
bicycle which is to be discussed below, it is assumed that the 
bicycle is driven by means of a bicycle chain which is fitted 
around two gearwheels, one of which is mounted on a crank while 
35 the other is mounted on the rear wheel. However, the invention 
can also be applied to vehicles, including bicycles, in which 
the force- transmitting member is designed as a belt, strap, 
cord, etc. 
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As has already been stated above, systems in which the 
tension in the chain acts on a spring-preloaded lever have 
already been proposed for measuring the chain force. As has been 
mentioned, there are drawbacks associated with these systems. 
5 The present invention aims to provide a simplified 

measuring system in which the chain force is measured with the 
aid of a sensor which is fixedly mounted on the bicycle frame or 
on a component fixed to the said bicycle frame. 

This aspect of the present invention, too, is based on 
10 the insight that a tension which prevails in the chain leads to 
reactive forces in the stationary components of a bicycle, and 
that these reactive forces then lead to deformations of the 
frame or to deformation of one or more components which are 
securely attached to the said frame. 
15 Therefore, based on this insight, the present invention 

proposes to measure such deformations in order to derive the 
chain force therefrom. 

In one embodiment, the present invention proposes to 
measure the deformation of the rear axle as a result of the 
2 0 chain force exerted thereon. 

In an alternative embodiment, the present invention 
proposes measuring forces in one or more bearings of the rear 
axle or of the crank. 

2 5 These and other aspects, characteristics and advantages 

of the present invention will be explained in more detail by the 
following description with reference to the drawing, in which 
identical reference numerals denote identical or similar 
components, and in which: 

3 0 figure 1A diagrammatically shows a side view of a bicycle; 

figure IB diagrammatically shows a side view of an electrically 
assisted bicycle ; 

figure 2 shows a block diagram of an electric circuit; 
figures 3A-B diagrammatically show vertical sections through a 
35 bicycle; 

figures 4A-E are graphs illustrating measurement results from a 
test ; 

figures 5A-C are also graphs illustrating measurement results of 
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figures 6A-B illustrate a bicycle with a separate bottom 
bracket ; 

figure 7 diagrammatical ly shows a few components of a drive 
system of a bicycle ; 
5 figure 8 shows a diagrammatic plan view of a rear axle of a 
bicycle, provided with a hub motor and an instrumented rotary 
bearing; 

figure 9A diagrammatically shows a cross section through an 
instrumented rotary bearing; 
10 figure 9B diagrammatically shows an example of a section of the 
measurement signal generated by such an instrumented rotary 
bearing; 

figure 10A diagrammatically shows a cross section, similar to 
figure 9A, through a rotary bearing which has been modified in 
15 accordance with the present invention; 

figure 10B diagrammatically shows an example similar to figure 
9B of a section of the measurement signal generated by a 
modified rotary bearing of this type; 

figure 11 diagrammatically shows a plan view, similar to figure 

2 0 8, of a rear axle of a bicycle, provided with a hub motor and a 

bending sensor ; 

figure 12 diagrammatically shows an example similar to in figure 
10B of a section of the measurement signal generated by a 
bending sensor of this type. 

25 

Figure 1A diagrammatically shows a side view of a 
bicycle 1 with a frame 10, which frame 10 comprises an upper 
frame tube 11, a lower frame tube 12 and a saddle tube 24, which 
are attached to one another in the customary triangular 

3 0 configuration, with the upper frame tube 11 substantially 

horizontally oriented. The upper frame tube 11 and the lower 
frame tube 12 meet one another at a handlebar tube 14 in which a 
handlebar pin 15 is rotatably mounted. At its top end, the 
handlebar pin 15 is provided with handlebars 16, while at its 
3 5 bottom end it is attached to a front fork 17 in which a front 
wheel 18 is mounted. 

In the saddle tube 13, there is arranged a saddle pin 19 
which at its top end bears a saddle 20. 
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To support a rear wheel 21, the frame 10 comprises a 
rear fork 22 and a rear frame tube 23 . The rear fork 22 extends 
from a top end of the saddle tube 13 to a hub 24 for the rear 
wheel 21, and the rear frame tube 23 extends between the hub 24 
5 and a bottom end of the saddle tube 13 . 

The bottom end of the saddle tube 13 and the bottom end 
of the lower frame tube 12 meet one another at a bottom bracket 
25 of the frame 10. The bottom bracket 25 is a cylindrical 
space, the centre axis of which is substantially horizontally 

10 oriented, at right angles to the longitudinal direction of the 
bicycle 1, and in which a crank (which is not shown in this 
figure for the sake of simplicity) of a crank system 26 is 
rotatably mounted. Crank arms which are oriented at right angles 
to the crank and are provided at their respective ends with 

15 pedals 27, only one of which is illustrated in figure 1A, are 
mounted at the two ends of the crank. Rotation of the crank is 
transmitted to the rear wheel 21 by means of a chain 28, via 
gearwheels which are not shown for the sake of simplicity. 

Figure 2 is a block diagram which shows a signal - 

2 0 processing unit 40, with an input 41 for connecting thereto a 

sensor 50, which can provide the signal-processing unit 40 with 
a signal which is representative of the pedalling force exerted 
by a rider of the bicycle 1. The signal-processing unit 40 can 
process such a signal in various ways. For example, it may be of 

2 5 interest for sportsmen to record the pedalling frequency and/or 

the mean pedalling frequency, the power delivered, efficiency of 
the pedalling movement, etc, and for this purpose the relevant 
data can be derived, by a suitable signal-processing operation 
which is known per se and is carried out by the signal- 

3 0 processing unit 40, from the cyclical signal received at the 

input 41 and, for example at an output 42, can be provided to a 
display 43 or the like. 

It is also conceivable, as illustrated in figure IB, 
that the bicycle 1 is an electric bicycle provided with an 
3 5 electric motor 45 which is powered from a battery 46 and is 

coupled to the crank system 26 in order to provide an auxiliary 
force to the crank system 26. The electric motor 45 is under the 
control of the signal -processing unit 40, which for this 
purpose, at its control output 44, emits suitable control 
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signals to the electric motor 45. The signal-processing unit 40 
is designed to make the level of the auxiliary force generated 
by the electric motor 45 dependent on the level of the pedalling 
force exerted on the pedals 2 7 by the rider. Therefore, the 
5 control signal for the electric motor 45 generated by the 

signal -processing unit 4 0 at its control output 44 is dependent, 
in a predetermined manner, on the input signal received at its 
detection input 41. The signal-processing unit 40 can use an 
intelligent control arrangement, in which the control 

10 characteristic is adapted to a rider profile on the basis of 
pedalling frequency, cycling speed, etc. For this purpose 
further sensors may be coupled to the signal-processing unit 40, 
if appropriate. 

Since signal-processing units for processing such an 

15 input signal and actuating an electric motor in a predetermined 
manner are known per se, for example in the form of a suitably 
programmed microprocessor, the way in which the signal- 
processing unit 40 operates will not be explained in more detail 
here. It is sufficient to point out that in general the control 

2 0 characteristic is such that, where the conditions remain 

otherwise unchanged, the electric motor provides more force as 
the force measured increases. 

According to the prior art, a sensor 50 is coupled in 
one way or another to moving components of the bicycle 1, such 
25 as the crank system 26 or the chain 28. However, according to 
the present invention the sensor 5 0 is coupled to the frame 10 
for the purpose of measuring the deformation of the frame 10 as 
a consequence of the pedalling force exerted by the rider. 
Figures 3A and 3B illustrate this measurement principle. Figure 

3 0 3A is a vertical cross section through the frame 10 of the 

bicycle 1 in an at-rest position thereof. The point of contact 
of the rear wheel 21 on the ground is indicated by the letter R. 
For the sake of simplicity, components such as handlebars and 
saddle have been omitted from this figure. The bicycle is 
3 5 substantially symmetrical with respect to a centre plane M. The 
symmetrical bicycle frame has a neutral line which generally 
lies in the plane of the frame and runs from the clamping of the 
rear hub to the steering-head tube. A pedalling force exerted on 
a pedal 27 is denoted by the letter F P . The pedalling force F P of 
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the cyclist lies outside the said plane and crosses the neutral 
line. Consequently, a moment of torsion is generated and the 
frame 10 will be deformed with respect to the wheels 18 and 21 
resting on the ground, as shown in exaggerated form in figure 
5 3B. More particularly, the frame twists about the neutral line 
and the top and bottom frame tubes are subjected to turning. The 
level of the deformation is a measure of the pedalling force 
exerted by the cyclist. 

The extent of deformation will be dependent, inter alia, 

10 on the material used for the frame 10, the shape and dimensions 
of the tubes used in the frame 10, etc. The state of deformation 
will not be the same in all the tubes. In general, it can be 
stated that the deformation of the saddle tube 13 will 
substantially be a state of bending, while the deformation in 

15 the bottom frame tube 12 will substantially be a state of 
torsion. This deformation of the frame 10 can be measured 
successfully and has been found to be a good representation of 
the force exerted. Therefore, the present invention proposes 
that the bending of the frame 10 be measured with the aid of the 

2 0 sensor 5 0 and that the measurement signal obtained in this way 

be used as input signal for the signal-processing unit 40. 

In principle, a certain amount of deformation will occur 
in each component of the frame 10, so that the sensor 50 may in 
principle be mounted at any desired position of the frame 10. A 
25 position which has proven particularly suitable in a test 

arrangement is the underside of the bottom frame tube 12, in the 
vicinity of its bottom end, as illustrated in figures 3A and 3B, 
for measuring the turning which occurs in the bottom frame tube 
12. Moreover, this position can be successfully combined with a 

3 0 positioning of a signal -processing unit 40 close to the motor 

45. Another position which offers practical advantages is a 
position in the vicinity of the top end of the bottom frame tube 
12: in this case, it is possible to mount a switch on the frame 
tube for the purpose of switching the electrical assistance 
3 5 system on and off and to mount the sensor 5 0 beneath this 

switch, so that the switch protects the sensor from damage. 

At the bottom end of the bottom frame tube 12, 
predominantly turning will take place. A sensor which is to be 
placed here will therefore primarily have to be sensitive to 
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turning of the frame tube. Positioning strain gauges in such a 
manner that they are predominantly sensitive to turning is a 
generally known technique and will not be explained in further 
detail . 

5 At the bottom end of the saddle tube 13, predominantly 

bending will take place. A sensor which is to be positioned here 
will therefore have to be predominantly sensitive to bending of 
the frame tube. Positioning strain gauges in such a manner that 
they are predominantly sensitive to bending is a generally known 

10 technique and will not be explained in further detail. 

However, it is noted that deformation will also occur in 
other sections of the frame 10, and the same applies to 
components which are securely connected to the frame 10, such as 
for example the handlebar pin 15 and the saddle pin 19. The 

15 reactive force exerted on the handlbars 16 by the cyclist will 
predominantly be directed horizontally forwards, so that 
primarily bending will occur in the handlebar pin 15. The 
reactive force exerted on the saddle 2 0 by the cyclist will 
predominantly be directed horizontally backwards, so that 

2 0 predominantly bending will likewise occur in the saddle pin 19. 

In a design variant, it is possible for the sensor 50 
and the signal -processing unit 40 to be integrated on a single 
chip. Furthermore, it is then possible that other functions, 

2 5 such as an identification number of the bicycle, are integrated 

in such a chip . 

In another design variant, the sensor 5 0 is designed as 
a sticker with integrated strain gauges. Such a sticker is 
particularly easy to attach to the frame of a bicycle. 

3 0 An important advantage that is thus achieved according 

to the present invention is that the sensor 50 creates a 
measurement signal even if the direction of the pedalling force 
F P intersects the axis of rotation of the crank system 25, for 
example when a pedal 27 is in its highest position, so that the 
35 rider can still gain auxiliary force from the electric motor 45. 
In the known electrically assisted bicycles this is not the 
case, or is the case to a much lesser extent, since the driving 
force in the drive line is highly dependent on the position of 
the pedals, and consequently it can happen that the desired 
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support remains absent even when the pedalling force is high. By- 
contrast, according to the present invention, the sensor signal 
is to a large degree proportional to the force exerted by the 
rider, irrespective of the position of the pedals, so that it is 
5 therefore always possible to offer more auxiliary electrical 
force when the rider, for whatever reason and under whatever 
conditions, exerts more force. 

The sensor 50 may be of any suitable type which is 
suitable for measuring the deformation of a structural 
10 component. In a test arrangement, a sensor based on strain 

gauges has proven very successful, but other types of sensors, 
such as piezo elements, capacitive sensors, etc, will also 
satisfy the requirements, as will be clear to a person skilled 
in the art . 

15 Since it will be clear to a person skilled in the art 

how a sensor 5 0 comprising one or more strain gauges should be 
arranged on a component of the frame 10 in order to successfully 
measure the deformation occurring therein, this will not be 
explained in more detail here. Nor will the way in which the 

2 0 signals from individual strain gauges in a sensor comprising a 

plurality of strain gauges can be combined with one another to 
obtain an optimum measurement signal be explained here, since 
this is part of general knowledge. 

25 Figures 4A-E illustrate that the measurement signal 

obtained in this way from the measurement sensor 50 is highly 
representative of the pedalling force exerted by the rider or 
the torque occurring in the crank system 26. This means that it 
is possible to calculate the desired data from the received 

3 0 signal, for which purpose the signal-processing unit 40 will be 

programmed in a suitable manner, as will be clear to a person 
skilled in the art. Figures 4A-E are obtained from a test ride 
on a bicycle whose frame 10 had been provided with a strain 
gauge sensor 5 0 mounted at the position indicated in figures 3A- 
3 5 B. Furthermore, the bicycle 1 was provided with a very accurate 
speed sensor. Figures 4A-E relate to a measurement period of 
60 seconds; the time is plotted along the horizontal axis in all 
five figures . 
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In figure 4A, the measured velocity V, expressed in 
kilometres per hour, is plotted along the vertical axis, and in 
figure 4B the acceleration A calculated from the measured 
velocity V is plotted, expressed in m/s 2 . The measurement period 
5 begins at time t=0, at which the bicycle is already at a 
velocity of approximately 10 km/h. This velocity is kept 
substantially constant for about 22 seconds, after which the 
rider accelerates to a velocity of approximately 20 km/h, which 
is reached at time t=3 5 sec. Further acceleration is commenced 
10 at time t=50 sec. 

In the graph of figure 4B, it can be seen that for the 
first 22 seconds the acceleration fluctuates around 0 m/sec 2 , and 
that the same applies between approximately t=3 8 sec and 
t=51 sec. 

15 The torque T exerted on the crank system can be 

calculated from the acceleration which has been calculated in 
this way, taking into account air resistance and friction. This 
calculated torque T, expressed in Newtonmeters , is illustrated 
in figure 4E as graph T2 . 

2 0 Figure 4C shows the measurement signal which emanates 

from the sensor 50 and is therefore representative of the stress 
S occurring in the frame, expressed in arbitrary units, as graph 
SI. Although it is to be expected that the measurement signal 
will be symmetrical around 0, in practice, as is shown, this is 
25 not necessarily always the case. However, it is possible to 

correct for this. In the example shown, firstly a mean value <S> 
is calculated for the measurement signal, integrated over a 
predetermined period. This mean signal is also shown in figure 
4C. The period used to form the mean was in this case 1 minute. 

3 0 By subtracting the mean value <S> calculated in this way 

from the asymmetrical measurement signal SI, a measurement 
signal S2 results which is symmetrical and which is shown in 
figure 4D. 

The torque acting on the crank can be calculated from 
3 5 this signal S2 which is symmetrical by filtering the signal S2 
in a suitable manner and multiplying it by a suitable 
amplification factor. The torque calculated in this way is shown 
in figure 4E as graph Tl . It can be seen that the torque Tl as 
calculated on the basis of the measurement signal obtained from 
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the sensor 50, on the one hand, and the torque T2 as calculated 
from the measured velocity, on the other hand, exhibit a very 
good level of correspondence, from which it is concluded that 
measuring the stress situation in the frame is a reliable 
5 measurement for determining the torque occurring in the crank 
system 26. 

With regard to figure 4E, it is also pointed out that 
the two graphs Tl and T2 correspond less well for the first 2 0 
seconds, which is caused by the automatic calibration carried 
1 0 out . 



Figures 5A-C show measurement signals which illustrate 
the present invention in a different way. A test bicycle was 
provided with a sensor 50 according to the present invention, 

15 and with a known system which is incorporated in the crank 
system and is based on a planetary system. During a test, 
measurements were carried out using both sensors simultaneously. 
Figure 5A shows a measurement signal S3 which is obtained from 
the sensor 50 according to the present invention, expressed in 

2 0 arbitrary units, for a period of 8 sec. Figure 5B shows a 

measurement signal S4 , obtained over the same period, from the 
planetary system. Figure 5C shows the measurement signal S3 from 
figure 5A after rectification (S5) . 

It can be concluded from figures 5A-C that the sensor 50 

2 5 according to the present invention provides a measurement signal 

S3 which contains at least as much information as the 
measurement signal S4 provided by the sensor according to the 
prior art. However, a significant difference is that the signal 
S3 which is obtained from the sensor 50 according to the present 

3 0 invention has both positive and negative signal values with 

respect to the zero level, corresponding to an alternating load 
on the frame by the right and left pedals. 

Furthermore, it can be seen clearly in figures 5A-C that 
the sensor 50 according to the present invention provides a 
35 measurement signal S3 which, even after rectification (S5) , is 
related to the pedalling force exerted on the pedals 27 by the 
rider, while the sensor according to the prior art can only 
measure the force generated in the drive line. With the 
measurement signal S3 according to the present invention, the 
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force peaks are relatively wide and flat, so that the electrical 
force assistance is offered over a wide angular range. By 
contrast, with the measurement signal according to the prior art 
the force peaks are relatively sharp, so that most electrical 
5 assistance is offered at a horizontal position (90°) of the 
crank arms and decreases rapidly besides that position. 
Particularly at the peaks around t=8.3 sec, t=13 sec and 
t=15.8 sec, it can be clearly seen in signals S3 and S5 that the 
force peaks are flattened or even have a local minimum in their 

10 centre, caused by the fact that at a virtually horizontal 

position of the crank arm (90°; 270°), a pedal moves downwards 
and the rider is effectively exerting less force on it. When the 
pedals are in a more vertical position (approx. 30° and approx. 
120°), the pedalling force is higher (S3, S5) , but relatively 

15 little of this considerable force is converted into forwards 
propulsion (S4) . According to the present invention, it is at 
these very points that more assistance is offered, while the 
prior art offers less assistance at these points. 

2 0 Although it is often sufficient to carry out zeroing and 

calibration during the production of the bicycle, it may, for 
various reasons, be desirable that it is possible to correctly 
determine the zero level of the measurement signal, for example 
in order to correct if the zero point shifts as a result of 
25 external influences. According to the present invention, a 

shifting zero point can be corrected for in various ways. By way 
of example, it is possible for the signal-processing unit 40 to 
be designed to detect when no load is being exerted on the 
pedals 27, for example by checking whether the pedalling 

3 0 frequency is zero, if appropriate supplemented by a velocity 

measurement with the aid of an additional speedometer. In such a 
situation, the pedalling force would have to be zero; therefore, 
the measurement signal which is then received is interpreted by 
the signal-processing unit 40 as the zero level. An effective 
3 5 measurement signal is then calculated by subtracting the 

calculated zero level from the actual measurement signal. When a 
calibration of this nature has been carried out, the measurement 
signal obtained from the sensor 50 will be intrinsically 
symmetrical, while an asymmetrical measurement signal then 
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indicates an asymmetrical load, i.e. the rider exerts more force 
with his one leg than with his other leg. This may in itself be 
valuable information, for example when a sportsman is training. 

It is also possible to modify the measurement signal, 
5 for example by, as described above, deducting a mean value <S> 
from the measurement signal. As a variant, it is possible to 
filter the measurement signal using a high-pass filter with a 
low crossover frequency of, for example, approximately 0.01 Hz. 
After such a modification, the amplitude of the measurement 

10 signal derived from the left leg will be equal to the amplitude 
of the measurement signal derived from the right leg, so that 
both legs are given equal assistance. This also applies in cases 
in which a cyclist has one leg which is significantly weaker 
than the other leg, so that in these cases the weak leg is given 

15 more assistance in relative terms than the strong leg by virtue 
of the present invention. By contrast, with electrical 
assistance according to the prior art, a cyclist of this type 
would experience a relatively large amount of assistance to his 
strong leg and relatively little assistance to his weak leg. 

20 

Therefore, the present invention teaches that the level 
of a force or torque exerted on the pedals of a bicycle by a 
rider is calculated by a signal -processing device on the basis 
of a measurement signal which is obtained from a sensor which is 

2 5 attached to the frame of the bicycle in order to measure the 

deformation which occurs in the frame. The sensor may comprise 
one or more strain gauges . 

The measurement signal can be processed in various ways 
in order to obtain various types of data. For example, it is 

3 0 possible to derive the pedalling frequency from the measurement 

signal. The instantaneous position of the crank arm can be 
determined from the phase of the measurement signal, and from 
this, in conjunction with the calculated pedalling force, it is 
possible to derive the torque generated in the crank system. The 
3 5 power passed on to the crank system can be derived by a 
combination of torque and rotational speed. The calorie 
consumption of the cyclist can be estimated from this 
information. 
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It is also possible to obtain information from the 
profile of the pedalling force as a function of the position of 
the crank arm (measurement signal as a function of the phase) . 
On the one hand, this can be used to derive the "pedalling 
5 efficiency" of the cyclist, and possibly even, by suitable 
training, an unfavourable pedalling characteristic might be 
improved. Moreover, the pedalling characteristic can be 
considered to be an individual physical characteristic, 
comparable to a signature, so that it is possible to recognize 

10 an individual cyclist by his pedalling pattern and to adapt the 
characteristic of electrical assistance accordingly. 

A pedalling characteristic can be defined on the basis 
of a number of parameters, such as: mean pedalling speed; mean 
pedalling force; force when moving off; relationship between 

15 pedalling force at the dead centre positions and at the 

horizontal position of the crank arms; duration of pause between 
the pedalling movements; etc. All the abovementioned parameters 
can be derived in a simple manner from the measurement signal, 
as will be clear to a person skilled in the art. It is possible 

2 0 to define cyclist categories in advance and to allocate an 

individual cyclist to such a cyclist category as a function of a 
measured pedalling characteristic; examples of cyclist 
categories of this type include: sporty; steady; long pauses 
between pedalling movements; strong/weak; slow pedaller/f ast 

25 pedaller; etc. 

In a preferred embodiment according to the present 
invention, the signal -processing unit 40 is adaptive in the 
sense that a control characteristic is adapted to the cyclist 
category. In the case of a bicycle with an automatic gear change 

30 system, the signal-processing unit 40 may, for example, be 

designed, if the cyclist is a slow pedaller, to engage a higher 
gear even at relatively low pedalling speeds (for example even 
at 50 pedal revolutions per minute) and, if the cyclist is 
classified as a sporty cyclist, to engage a higher gear only at 

3 5 relatively high pedalling speeds (for example only at 85 pedal 

revolutions per minute) . In this context, the absolute value of 
the pedalling force plays a less important role. In the case of 
a bicycle with electrical assistance to the pedalling force, the 
signal -processing unit 4 0 may, for example, be designed, if the 
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cyclist pedals irregularly and takes long pauses between 
pedalling, to drive the motor for longer after the pedalling 
movement has stopped and, if the cyclist is classified as a 
sporty cyclist, to set the motor power at a higher level when 
5 starting off than for a steady riding profile. 

It will be clear to a person skilled in the art that the 
scope of the present invention is not limited to the examples 
discussed above, but rather numerous amendments and 

10 modifications thereto are possible without departing from the 
scope of the invention as defined in the appended claims. For 
example, it is possible that a plurality of sensors is used, so 
that it is possible to determine the direction of the pedalling 
force exerted in three dimensions. 

15 Furthermore, the deformation of the frame can be 

measured using alternative measuring methods. As is known, 
strain gauges are eminently suitable for measuring local 
deformation, but for application of the present invention it is 
not necessary to accurately measure local deformation. The 

2 0 abovementioned embodiment in which strain gauges are 

accommodated in a sticker already measures the mean deformation 
in a larger section of the frame. However, it is also possible 
to form a mean of the deformation over a larger part of the 
frame, for example a greater length of a frame tube. For this 
25 purpose, it is possible, for example, to measure the bending of 
a frame tube over a large part of its length by means of optical 
or mechanical sensors . These sensors may be arranged in the 
interior of the frame tube. 

In the above, the present invention has been explained 

3 0 for the case of a standard bicycle in which the crank is mounted 

in a horizontal, tubular bottom bracket 25 which forms part of 
the frame 10. However, it is also possible that the crank is 
mounted in a separate bottom bracket which does not form part of 
the frame and is securely attached to the frame, for example by 
35 means of screws. Figure 6A shows a side view, similar to figure 
1, of a bicycle 101 which is provided with such a frame 110, 
while figure 6B is a diagrammatic, perspective view on a larger 
scale of a box-like bottom bracket 125. The crank mounted in the 
bottom bracket 125 is denoted by the number 129. This bottom 
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bracket 125 is provided with a plurality of sensors SI to S4 , 
positioned so as to measure the deformation occurring in the 
bottom bracket 125 as a result of the pedalling force. In the 
case shown, the sensors are arranged on the side walls of the 
5 bottom bracket 125, aligned in the vertical and horizontal 

direction, respectively, with the crank 129. The electric motor 
45 is also accommodated in the bottom bracket 125, but this is 
not shown for the sake of simplicity. Furthermore, the signal - 
processing device 40 is preferably also accommodated in the 

10 bottom bracket 125, which is likewise not shown. 

One advantage of such a box-like bottom bracket 125 is 
that it is then easily possible to adapt a bicycle which is not 
provided with electric pedalling assistance, by replacing the 
"old" bottom bracket with a bottom bracket of figure 6B, with 

15 integrated motor drive 45, signal-processing device 40 and 
sensors S1/S4 . 

Figure 7 diagrammatically shows some components of the 
drive system of a bicycle. A bicycle has a frame 10, in which a 

20 rear wheel 21 is mounted and is driven by means of pedals 27 by 
a chain 28. On one side, the chain 28 is in engagement with a 
gear wheel which is mounted on a tubular hub 24 of the rear 
wheel 21, which is mounted on a rear axle 6. The chain 28 is 
also in engagement with a sprocket 2, which is mounted on a 

25 crank 60 and is rotated by means of the pedals 27. The pedalling 
force exerted on a pedal 27 by a cyclist is denoted in figure 7 
as Fp and is predominantly vertically oriented; the tension 
prevailing in the chain 2 8 is denoted as Fk and is predominantly 
horizontally oriented. This chain force Fk has the tendency to 

3 0 pull the rear axle 6 and the crank 6 0 towards one another, which 
is prevented by the frame 10, so that the frame 10 exerts a 
force Fir on the rear axle 6 while the frame 10 exerts a force 
Flta on the crank 60. The frictional force between rear wheel 21 
and roadway is denoted by Fw in figure 7. 

35 In the case of an electrically assisted bicycle, there 

are various positions where the electric drive motor may be 
arranged and can act on the drive components of the bicycle. In 
this context, the most significant variants are: 

- engaging on the rear axle; 
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- engaging on the crank; 

- engaging on the chain; 

- engaging on the front wheel; 

- engaging on the rear wheel. 

5 In the following, the present invention will be explained in 
more detail on the basis of an example with a motor which 
engages on the rear axle. It may be clear that this description 
should not be understood as a limitation of the invention to 
electrically assisted bicycles with a motor which acts on the 

10 rear axle; on the contrary, the principles described below are 
equally applicable, mutatis mutandis, to electrically assisted 
bicycles with a motor which engages on the crank, or the chain, 
or the front wheel, or the rear wheel, etc. 

Figure 8 shows a diagrammatic plan view of the rear axle 

15 6 of a bicycle, for the situation that an electric motor 45 is 

associated with the rear axle; in the following, this motor will 
be referred to as hub motor. The ends of the rear axle 6 are 
fixed to the frame 10 of the bicycle by means of nuts 9. The 
tubular hub 24 is rotatably mounted on the rear axle 6 by means 

2 0 of two rotary bearings 7R and 7L . The gearwheel 5, which is 

driven by the said chain 28, is mounted at one end of the hub 
24, generally the right-hand end. Spokes are diagrammatically 
indicated in figure 8 by 8. 

Furthermore, the hub motor 45, which is only 

25 diagrammatically indicated, is disposed inside the tube 24. 

Electric hub motors are known per se, and consequently their 
design does not have to be shown and explained in detailed form 
here. It is sufficient to point out that the hub motor 45 has a 
first output 45A fixed to the rear axle 6, and a second output 

30 45B fixed to the hub 24, which outputs 45A and 45B can be driven 
so as to rotate with respect to one another. For this purpose, 
the hub motor 4 5 needs an electrical energy source, such as a 
battery, which will be mounted at a suitable position on the 
frame 10 of the bicycle and which will be connected, by means of 

3 5 electrical conductors which are fixed with respect to the frame 

10 and with respect to the rear axle 6, to the hub motor 45, all 
this as is known per se and not shown in the figure for the sake 
of simplicity. 
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When the hub motor 45 is activated, it supplies a 
propulsive force to the hub 24, for the purpose of propelling 
the wheel 21 with respect to the frame 10 and thus propelling 
the bicycle with respect to the road on which it is riding. In 
5 principle, the propulsive force (or propulsive moment) supplied 
by the hub motor 45 could supply 100% of the propulsive force of 
the bicycle, and could be selected and actuated by the rider, so 
that the hub motor 45 acts as an ordinary drive motor and the 
bicycle acts as an electric moped. However, the present 

10 invention specifically relates to an electrically assisted 

bicycle, which means that the propulsive force (or propulsive 
moment) supplied by the hub motor 45 serves only to assist the 
cyclist when cycling by partly providing the pedalling force 
required for cycling. This means that the cyclist himself also 

15 has to pedal and supply pedalling force; the hub motor 45 then 
supplies a propulsive force which is proportional to the force 
supplied by the cyclist. If the cyclist does not move the pedals 
or rotates the pedals without applying force, the hub motor 45 
does not supply any propulsive force. The extent of assistance 

2 0 offered by the hub motor 45 can be adjustable; the hub motor 45 

is generally set in such a manner that it supplies approximately 
the same amount of propulsive force as the pedalling force from 
the cyclist, at least at relatively low speeds. At relatively 
high speeds, the contribution decreases progressively. 
25 Electrically assisted bicycles of this nature are known per se . 

Therefore, the hub motor 45 of an electrically assisted 
bicycle is activated under control of a control member 40, for 
example a suitably programmed microprocessor or the like, which 
is mounted on a fixed component of the bicycle, which fixed 

3 0 component is advantageously the rear axle 6 itself, as outlined 

in figure 8. It will be clear that for embodiments with a crank 
motor, the control member will preferably be mounted on a bottom 
bracket . 

This control member 4 0 is designed to activate the 
3 5 electric motor on the basis of the chain force Fk and a desired, 
preprogrammed assistance characteristic. 

This assistance characteristic may contain a speed- 
dependent component. One example of an assistance characteristic 
with a speed- dependent component is: 
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a) at speeds of lower than 22 km/h, the propulsive 
torque supplied by the electric motor is 50% of the propulsive 
torque supplied by the cyclist; 

b) at speeds of higher than 25 km/h, the propulsive 
5 torque supplied by the electric motor is zero; 

c) at speeds of between 22 km/h and 2 5 km/h, the 
propulsive torque supplied by the electric motor decreases 
linearly from 50% to zero. 

All this can be adapted in order to comply with 

10 applicable statutory provisions. 

In order to be able to actuate the hub motor 4 5 in the 
desired way depending on the force supplied by the cyclist and, 
preferably, also depending on the bicycle speed, the control 
member 4 0 should receive signals which are representative of the 

15 said parameters. Various sensors are known in the prior art for 
supplying such measurement signals, the action of which known 
sensors is based on measuring on at least one component which 
moves with respect to the frame. The present invention proposes 
an improvement by using a sensor whose action is based on 

2 0 measuring on a component which is fixed with respect to the 

frame. More particularly, the present invention proposes using a 
sensor which can measure a deformation caused by the driving 
force (chain force) in such a fixed component. 

Two exemplary embodiments will be dealt with in more 
25 detail in the following. A first example relates to deformation 
in a stationary bearing component. A second example relates to 
bending of a stationary axle. 

When the cyclist exerts a pedalling force Fp and a chain 

3 0 force Fk prevails in the chain 28, as a result a force Fk is 

exerted on the circumference of the gearwheel 5. The direction 
of this chain force Fk coincides with the direction of the top 
part of the chain 28 at the location of the gearwheel 5, which 
is generally substantially horizontal. This chain force Fk is 
3 5 supported on the frame 10 via the hub 24, the bearings 7R and 7L 
and the axle 6, respectively. Consequently, a force which is 
substantially horizontally oriented and with respect to the rear 
axle 6 is substantially radially oriented and the level of which 
is proportional to the chain force Fk, prevails in the bearings 
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7R and 7L. It should be clear that the level of the force in the 
bearings is dependent on their distance from the gearwheel 5; in 
the example illustrated, the force in the right-hand bearing 7R 
will be greater than in the left-hand bearing 7L. 
5 Also, the chain force Fk exerts a substantially 

horizontally oriented force Fk on the circumference of the 
sprocket 2, which force is supported, via the crank 60 and the 
crank bearings diagrammatical ly indicated by 62, respectively, 
on a bottom bracket 61 which is fixed to the frame 10, so that 

10 then a force which is substantially horizontally oriented and is 
substantially radially oriented with respect to the crank 60, 
and the level of which is proportional to the chain force Fk, 
prevails in the crank bearings 62. 

In a first exemplary embodiment proposed by the present 

15 invention, the forces occurring in at least one of the said 
bearings are measured. If a bicycle has a rear axle which is 
provided with a hub motor, it is most expedient to use one of 
the rear-axle bearings 7 for this purpose, in which case the 
right-hand bearing 7R is generally able to a give a stronger 

20 signal. In the design variant illustrated in figure 8, the 

right-hand bearing 7R is provided with an integrated deformation 
sensor, as will be explained more extensively below, which 
sensor provides a measurement signal SI to the control member 
40. As an alternative, the left-hand bearing 7L may be provided 

25 with an integrated deformation sensor, or both the right-hand 

bearing 7R and the left-hand bearing 7L. may be provided with an 
integrated deformation sensor. Rotary bearings provided with 
integrated internal sensors, also referred to below as 
instrumented rotary bearings, are already known in the prior art 

30 and are commercially available as a standard product. By way of 
example, reference is made in this context to American patent 
4.203.319. 

Figure 9A diagrammatically shows a cross section through 
an instrumented rotary bearing 70, and figure 9B 
3 5 diagrammatically shows an example of a section of the 

measurement signal SI generated by such an instrumented rotary 
bearing 70. Such a rotary bearing 70 has an inner race 71, an 
outer race 72 and balls or rolls 73 arranged between them. 
Furthermore, the bearing 70 is provided with a deformation 
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sensor 74, for example based on strain gauges, which detects a 
deformation in a bearing race as a result of the balls/rolls 
moving past. This sensor may be arranged in or on the inner race 
71, as indicated in figure 9A as 74A, or in or on the outer race 
5 74, as indicated in figure 9A as 74B. In the following, both 

variants will be referred to without distinction as deformation 
sensor 74 . 

During use, the inner race 71 and the outer race 72 will 
rotate with respect to one another, during which process the 

10 balls/rolls 73 will roll along the outer surface of the inner 

race 71 and along the inner surface of the outer race 72. In the 
process, the force-transmitting balls/rolls 73 will move past 
the deformation sensor 74 so that a deformation caused by the 
balls/rolls 73 at the location of the deformation sensor 74 will 

15 fluctuate and the deformation sensor 74 will generate an AC 

signal SI (Figure 9B) , the peaks SIT of which correspond to the 
passing of a ball/roll 73 and the valleys SIB of which 
correspond to the passing of a space between two balls/rolls 73. 
The amplitude of this AC signal SI will be dependent on, and 

2 0 will generally be proportional to, the level of a force which is 

exerted by the outer race 72 and the inner race 71 on one 
another in a radial direction which coincides with the 
sensitivity centre of the sensor 74. This direction will also be 
referred to below as the sensitivity direction 75 of the bearing 
25 70. With the orientation shown in figure 9A, in which the sensor 
74 is situated in a vertical plane through the centre of the 
bearing 70, the sensor 74 is predominantly sensitive to vertical 
forces and is virtually insensitive to horizontal forces; the 
sensitivity direction 75 of the bearing 70 is then vertically 

3 0 oriented. When used as a rear axle bearing 7 or crank bearing 

62, intended to be able to measure the chain force Fk, the 
bearing 70 should be mounted in such a manner that the 
sensitivity direction 75 of the bearing 70 coincides as closely 
as possible with the direction of the chain force Fk, which will 
3 5 generally be substantially horizontal. 

The explanation given above applies in a situation in 
which the level of the force exerted by the outer race 72 and 
the inner race 71 on one another in the sensitivity direction 75 
of the bearing 70 is constant, at least over a time scale which 
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lasts considerably longer than the time between two successive 
passages of a ball. More particularly, it should be pointed out 
that the minimum levels SIB of the AC signal are virtually 
independent of the level of the force, and that the maximum 
5 levels SIT of the said signal are always dependent on the level 
of the force which is to be measured at that specific moment. In 
fact, the maximum levels SIT form sample values, i.e. 
instantaneous recordings of the force in the bearing 70. In 
practice, for use as a sensor for measuring a chain force in a 

10 bicycle, this may lead to problems, for two reasons. Firstly, 

the sampling frequency, which is defined by ball passages, in a 
bicycle drive system is relatively low: for a rear axle bearing, 
under normal conditions, it is typically 0-15 Hz, and for a 
crank bearing it is typically 0-6 Hz. Secondly, the pedalling 

15 force Fk which is to be measured is not constant, but rather 
fluctuates with a frequency which is twice as great as the 
pedalling frequency, typically in the range from 0-4 Hz. More 
particularly, the said frequencies are related to one another in 
fixed ways: the sampling frequency determined by ball passages 

2 0 for a crank bearing is typically three times as great as the 

pedalling frequency, while for a rear-axle bearing this sampling 
frequency is typically five times as great as the pedalling 
frequency. Since the sampling frequency is so close to the 
fluctuation frequency in the variable to be measured (in this 
25 case the chain force Fk) , it is particularly difficult to 

reliably derive a control signal for the electric motor from 
this signal, in such a manner that the electric motor supplies a 
force which always smoothly follows the chain force. 

The present invention also offers a solution to this 

3 0 problem, by modifying a standard instrumented bearing in such a 

manner that the output signal which is generated is 
substantially independent of the rotary position of the bearing 
races with respect to one another and is therefore independent 
of the exact tangential positions of the balls/rolls. Such a 
35 modified bearing 170 is diagrammatically illustrated in figure 
10A; herein, components which correspond to components of the 
standard bearing illustrated in figure 9A are denoted by 
reference numerals which have been increased by 100. 
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In the bearing 170 illustrated in figure 10A, a 
measurement signal S3 (figure 10B) is generated which is not 
dependent on the deformation caused by a single ball/roll 173 at 
a single location, but rather is dependent on a combination of 
5 the deformations caused by a plurality of balls/rolls 173 at a 
plurality of locations. For this purpose, the bearing 170 could 
have a plurality of sensors arranged next to one another; in the 
embodiment illustrated in figure 10A, a deformation sensor 174 
is of elongate shape or is in the shape of a segment of a 

10 circle, so that the sensor 174 is sensitive to the deformation 
in a zone of the bearing 17 0 with a relatively large angular 
dimension, specifically in such a manner that this zone always 
corresponds to at least two balls/rolls 173. The angular 
dimension of this zone preferably corresponds to an integer 

15 multiple of the angular distance between successive balls/rolls 

173, so that the number of balls/rolls 173 which corresponds to 
the deformation sensor 174 is always constant. In the example 
illustrated, this number is equal to two, but it may also be 
larger or smaller. 

2 0 If the said number is equal to one, this already offers 

the advantage that the considerable oscillations in the signal 
value are reduced. If the said number is greater than one, the 
measurement signal S3 can now be considered at any moment as a 
mean of the deformation contributions from two or more 
25 balls/rolls 173, in which case the measurement signal S3 may 

have a virtually constant value which is only still dependent on 
the force in the bearing 170, and no longer on the accidental 
orientation of the balls/rolls 173 with respect to the sensor 

174. If the force in the bearing 170 varies, for example as a 

3 0 result of variations in pedalling force during a pedal 

revolution, the value of the measurement signal S3 at any given 
moment is at least approximately proportional to the 
instantaneous pedalling force. 

Since the sensor 174 now has a relatively large angular 
3 5 dimension, the sensor 174 is now also sensitive to forces whose 
direction may exhibit a relatively great distribution. The 
principal sensitivity direction 175 of the bearing 170 
corresponds to a radial plane through the centre of the sensor 
174; for force components which are perpendicular to the 
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principal sensitivity direction 175, the sensitivity of the 
bearing 170 is much less or even zero. In this context, it is 
recommended for the angular dimension of the sensor 174 to be no 
greater than 90°. 

5 

In the situation in which the rotary bearing 70; 170 is 
used for bearing the rear axle 6 , for example because the drive 
motor is situated in the wheel hub 24 of the rear wheel 21, the 
inner race 71 is stationary with respect to the bicycle frame 

10 10; in this case, it is practical to use an instrumented rotary 
bearing 70; 170 of which the inner race 71 is provided with a 
deformation sensor 74A. In the situation in which the rotary 
bearing 70; 170 is used for bearing the crank 60, for example 
because the drive motor acts on the crank, the outer race 72 is 

15 stationary with respect to the bicycle frame 10; in this case, 
it is practical to use an instrumented bearing 70; 170 of which 
the outer race 72 is provided with a sensor 74B. 

In an exemplary embodiment in which the bicycle is 

20 provided with such an instrumented rotary bearing 70; 170 for 
the rear axle or for the crank and in which the said control 
member 40 receives the said measurement signal SI; S3, the 
control member 4 0 is designed to calculate the chain force Fk on 
the basis of the peak value SIT of the AC signal SI and/or on 

25 the basis of the amplitude |S1T-S1B| of the AC signal SI 

(sampled) , or on the basis of the instantaneous signal level of 
the measurement signal S3, respectively, taking into account 
bicycle-specific conversion factors, as will be clear to a 
person skilled in the art. Furthermore, the control member 40 is 

3 0 designed to activate the electric motor on the basis of the 
chain force Fk calculated in this way. 

To implement a speed- dependent characteristic, the 
control member 40 has to have information relating to the 
bicycle speed, which, apart from a known conversion factor, is 

3 5 equivalent to the rotary speed of the rear wheel 21 and 

therefore the hub 24 with respect to the rear axle 6. If the 
said first rotary bearing 70 is used for bearing the rear axle 
6, such speed information can be derived from the AC signal SI 
generated thereby, specifically in the form of the frequency of 
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this AC signal SI. This advantage can also be offered for the 
said second rotary bearing 170 if it is provided with a 
deformation sensor 176 which is sensitive to a single ball/roll 
173, as is also shown in figure 10A. This deformation sensor 176 
5 applies a measurement signal S4 which may be equal to the signal 
SI which has already been discussed and which therefore contains 
velocity information . 

Therefore, in this first exemplary embodiment, the 
control member 40 may be designed to calculate the bicycle speed 

10 on the basis of the frequency of the AC signal SI, S4, taking 

into account bicycle- specif ic conversion factors, such as, inter 
alia, the number of balls/rolls 73 per bearing and the 
circumference of the rear wheel 21, as will be clear to a person 
skilled in the art. 

15 In a variant, the same result can be achieved in a more 

direct way without actually calculating the chain force Fk and 
the bicycle speed as an interim result, as will be clear to a 
person skilled in the art. 

2 0 The principles of the above explanation also apply to 

the situation in which the instrumented rotary bearing 7 0 is 
mounted at the crank 60. In this case, it is also possible to 
use the frequency of the AC signal SI, S4 to calculate the 
bicycle speed, that is if the pedals are being rotated, taking 

2 5 into account the transmission ratio between the crank and the 

rear wheel . 

When the cyclist exerts a pedalling force Fp and a chain 
force Fk prevails in the chain 28, as a result, as has already 

3 0 been stated, a substantially horizontally oriented force is 

exerted on the circumference of the gearwheel 5, which force is 
supported on the frame 10 via the hub 24, the bearings 7R and 7L 
and the axle 6, respectively. Therefore, a bending moment, which 
will cause bending of the rear axle 6, then prevails in the rear 
35 axle 6, in which case the neutral line of the rear axle 6 will 

lie in a plane which is substantially horizontally oriented. The 
level of this bending moment, and therefore the level of the 
bending which occurs in the rear axle 6, is substantially 
directly proportional to the instantaneous chain force Fk. 
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In a second exemplary embodiment proposed by the present 
invention, this bending is measured. In the exemplary embodiment 
shown in figure 11, the rear axle 6 is provided with a bending 
sensor 50 which provides a measurement signal S2 (figure 12) to 
5 the control member 40, which measurement signal S2 is 

representative of the bending occurring in the axle 6 and 
preferably exhibits a linear dependency on the said bending. 
This bending sensor 50 is in this case arranged in such a manner 
that it is substantially only sensitive to bending in the 

10 horizontal direction. The design of such a bending sensor 50 may 
be a design which is known per se, based on one or more strain 
gauges, as will be clear to a person skilled in the art. The 
bending sensor 5 0 may be mounted on that side of the rear axle 6 
which becomes longer as a result of the bending or on that side 

15 of the rear axle 6 which becomes shorter as a result of the 
bending . 

In this second exemplary embodiment, in which the rear 
axle 6 is provided with such a bending sensor 5 0 and in which 
the said control member 4 0 receives the said measurement signal 

20 S2, the control member 40 is designed to calculate the 

instantaneous chain force Fk on the basis of the instantaneous 
value of the said measurement signal S2, taking into account 
bicycle-specific conversion factors, as will be clear to a 
person skilled in the art. Furthermore, the control member 40 is 

25 designed to activate the hub motor 45 on the basis of the chain 
force Fk which has been calculated in this way and a desired, 
preprogrammed assistance characteristic, in a similar way to 
that described above in connection with the first exemplary 
embodiment . 

3 0 Preferably, the bending sensor 50 comprises both a 

sensor component which is mounted at the front of the rear axle 
6 and a sensor component which is mounted at the back of the 
rear axle 6, the signals from which sensor components are 
combined. On the one hand, this has the advantage that the 

3 5 measurement signal becomes stronger. On the other hand, this has 
the advantage that disruptive influences which are not related 
to the horizontal bending are substantially eliminated. In this 
context, for example, stresses which are oriented in the 
longitudinal direction of the rear axle as a result of the 
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tightening of nuts 9 which are screwed onto the ends of the rear 
axle 6 for attachment to the frame 10 may be mentioned. 

It is noted that both the measurement signal SI; S3; S4 
5 from the instrumented wheel bearings 7 and the measurement 

signal S2 from the bending sensor 5 0 contain a signal component 
which reflects the pedalling frequency, at least if the cyclist 
is actually rotating the pedals. The pedalling frequency is 
expressed by a periodic fluctuation, with the pedalling 

10 frequency, in the level of the chain force Fk. In the case of, 
for example, a bending sensor mounted on the rear axle 6, the 
measurement signal S2 generated thereby in principle has a DC 
value corresponding to the chain force Fk, while the value of 
this DC voltage fluctuates with the fluctuations in pedalling 

15 force and therefore with a frequency which is twice as great as 
the pedalling frequency. 

The control member 40 may be designed to calculate the 
bicycle speed on the basis of the pedalling frequency, taking 
into account bicycle-specific conversion factors, such as the 

2 0 transmission ratio and the circumference of the rear wheel, as 

will be clear to a person skilled in the art. 

Furthermore, the control member 40 may be designed to 
activate the electric motor on the basis of the instantaneous 
value of the chain force, so that the motor force fluctuates in 
25 phase with the pedalling force. However, the control member 40 

may also be designed to activate the electric motor on the basis 
of a processed value of the chain force, in order to provide for 
the user an improved comfort sensation. By way of example, the 
activation of the electric motor may be executed on the basis of 

3 0 a mean value of the chain force, so that the motor force is 

substantially constant. However, it is also possible, with the 
fluctuating chain force, to add up a constant value, so that 
although the activation fluctuates in phase with the chain 
force, it acquires a more uniform profile; more particularly, 
35 therefore, drive will still be provided at the "dead centre 
positions" in the pedal movement. 

Normally, a rear axle is designed in such a manner that 
it is as rigid as possible. By contrast, a further development 
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of the inventive idea lies in designing the rear axle 6 in such 
a manner that for a specific load it exhibits bending which is 
relatively great, at least at the location of the sensor 50. For 
this purpose, a rear axle 6 according to the present invention 
5 preferably has a sensor- carrying part 51, the deformation of 

which, under a specific load, is greater than the deformation of 
adjacent axle sections, and the sensor 50 is mounted on the said 
sensor- carrying part 51 which is more sensitive to deformation. 
The greater sensitivity to deformation can be introduced by 

10 providing the sensor- carrying part 51 with an adapted cross 

section or by making the sensor- carrying part 51 from an adapted 
material, or in other suitable ways. Suitable adapted materials 
could be materials with a lower modulus of elasticity. 

The sensor- carrying part 51 preferably has a greater 

15 sensitivity to deformation in the horizontal direction with a 
sensitivity to deformation in the vertical direction which 
remains the same or is even reduced. This may, for example, be 
brought about by providing the sensor- carrying part 51 with a 
rectangular cross section, in which case the dimension in the 

2 0 horizontal direction is smaller than the dimension in the 

vertical direction. The dimension in the horizontal direction 
may be smaller than the diameter of adjacent axle sections, and 
the dimension in the vertical direction may be greater than the 
diameter of adjacent axle sections. 

25 

In both the exemplary embodiments described above, the 
sensor 74; 174; 50 is substantially only sensitive to 
horizontally oriented forces, so that the sensor is virtually 
only sensitive to the driving forces. More particularly, the 

3 0 sensor is virtually insensitive to forces which act in the 

vertical direction, such as the forces caused by the weight of 
the rider, the pedalling force Fp exerted by the cyclist, or 
vertical forces which are caused by riding itself, such as when 
passing over an uneven road surface or when cornering. 
3 5 The driving by the motor causes a reactive force on the 

roadway, which ultimately propels the bicycle. This roadway 
reactive force has a horizontal direction and causes a bending 
in the rear axle in the same direction as the bending which is 
directly caused by the chain force Fk. The influence of this 
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reinforcing effect can be compensated for in the preprogrammed 
characteristic of the control member 40. 

In the above, the invention has been explained for 
normal conditions, in which it is tacitly assumed that the 
5 vehicle (bicycle) is moving at constant speed on a horizontal 
roadway. With a more advanced drive, the control member 40 is 
designed to include factors such as a change in speed and/or a 
slope angle of the roadway in the actuation of the electric 
motor . 

10 A reduction in speed may be desirable, for example if 

the cyclist is braking. In that case, he will generally keep the 
pedals still, so that there is no electrical assistance. 
Moreover, during braking, the motor can be driven by the 
bicycle, in order in this way to charge the battery. To this 

15 end, the control member 40 may be designed to calculate the 
instantaneous bicycle velocity V at successive times, to 
calculate the velocity change dV/dt from this, and, if dV/dt 
becomes negative, to switch the motor as a brake load. 

A reduction in velocity may be undesirable, for example 

20 if the cyclist is cycling uphill. In that case, if dV/dt is 

negative, more intensive assistance is in fact desired. On the 
other hand, if the cyclist is cycling down hill, the assistance 
can be reduced, and in these circumstances it is even possible 
for the motor to be switched as a brake load at a constant 

25 velocity. 

For this purpose, it is desirable for the control member 
40 to have a signal which is indicative of the angle of slope. 
According to a significant advantage of the present invention, 
the signals SI to S4 described above include a component which 

3 0 is indicative of the slope angle. In a further preferred variant 
of the present invention, the control member 40 is designed to 
use this signal component for an assistance characteristic as 
described above. 

If the bicycle is on a slope, the sensitivity direction 

35 75 (the "horizontal" of the bicycle) forms an angle with the 

actual horizontal. The force of gravity then has a component in 
the direction of this sensitivity direction 75, which manifests 
itself in a shift in the measurement signals. This shift can be 
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detected, for example by detection of the shift in the mean of 
the fluctuating chain force signal. 

In both the exemplary embodiments described above, a 
5 reliable way is offered for measuring the driving torque and/or 
the chain force (Fk) supplied by a cyclist and for actuating a 
hub motor 45 on the basis of the pedalling force supplied by the 
cyclist. The embodiments consistently offer the significant 
advantage that a single sensor (74; 174; 50) is sufficient and 

10 that this sensor may be mounted on the same component of the 
bicycle as that to which the control member 40 is attached, 
namely the rear axle 6 itself or on the inner race 71 fixed to 
the rear axle 6, of the wheel bearing 7. A bending sensor 50 
mounted on the rear axle measures the bending which occurs in 

15 the rear axle itself as a result of the pedalling force. A 

pressure sensor 74 mounted in the wheel bearing 7 measures the 
forces caused in the wheel bearing by the chain force. 

It will be clear to a person skilled in the art that he 
2 0 scope of the present invention is not restricted to the examples 
discussed above, but rather various amendments and modifications 
thereto are possible without departing from the scope of the 
invention as defined in the appended claims. For example, as a 
variant, it is possible that the crank instead of the rear axle 

2 5 is provided with an instrumented rotary bearing. Furthermore, as 

a variant, it is possible that the driven wheel is the front 
wheel of the bicycle. 

In the above, the invention has been described for a 
vehicle (bicycle) provided with electrical assistance. However, 

3 0 the present invention is also embodied by a modular system which 

is suitable for supplying a signal which reflects the chain 
force and which can be used for any desired purposes by a 
processor or the like. One possible purpose may be to control a 
gear system. 
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CLAIMS 

* • 

1. The measurement of the effort made by a person, by- 
measuring the bending or torsion caused by this effort in a 

5 predetermined section of a frame (10) of a vehicle (1) or in a 
component which is securely connected to the said frame. 

2. Method for providing a measurement signal which is 
representative of the level of an effort made by a rider of a 

10 human-powered vehicle (1) , on the basis of a bending or torsion 
caused by this effort in a predetermined section of a frame (10) 
of the vehicle or in a component which is securely connected to 
the said frame . 

15 3. Method according to claim 2, wherein the said effort is 

a pedal force (F P ) . 

4. Method according to claim 2 or 3, wherein the vehicle 

(I) is a bicycle, and wherein the said predetermined section of 
2 0 the frame (10) is a bottom end of the bottom frame tube (12) or 

a top end of the bottom frame tube (12) or is the top frame tube 

(II) . 

5. Method according to claim 2 or 3, wherein the vehicle 

2 5 (1) is a bicycle, and wherein the said component securely 

connected to the said frame is a saddle pin, or a handlebar pin, 
or a bottom bracket, or a front fork, or a wheel axle. 

6. Method according to any one of claims 2-5, wherein a 

3 0 deformation sensor (50) which is attached to the said 

predetermined section of the frame (10) or the said component 
securely connected to the said frame provides a measurement 
signal which is fed to a signal input (41) of a signal- 
processing unit (40) , and wherein the signal-processing unit 
3 5 (40) calculates the level of the force by processing the signal 
received . 

7. Method according to claim 6, wherein the signal- 
processing unit (40) calculates a pedal speed from the cyclical 
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nature of the measurement signal. 

8. Method according to claim 6, wherein, in a state in 

which the rider is not exerting any force, a zero level is 
5 derived from the measurement signal provided by the deformation 
sensor (50) , and wherein an effective measurement signal is 
calculated by subtracting the calculated zero level from the 
actual measurement signal. 

10 9. Method according to claim 6, wherein the measurement 

signal provided by the deformation sensor (50) is an 
asymmetrical measurement signal (SI) , and wherein a measurement 
signal (S2) which is symmetrical is derived from the 
asymmetrical measurement signal by calculating a mean value 

15 (<S>) of the asymmetrical measurement signal (SI) , and 

subtracting said mean value from the asymmetrical measurement 
signal (SI) . 

10. Method according to claim 6, wherein the measurement 

2 0 signal provided by the deformation sensor (50) is an 

asymmetrical measurement signal (SI) , and wherein a measurement 
signal (S2) which is symmetrical is derived from the 
asymmetrical measurement signal by filtering the asymmetrical 
measurement signal (SI) using a high-pass filter. 

25 

11. Method according to any one of claims 8-10, wherein the 
measurement signal (S) which is symmetrical or the effective 
measurement signal, respectively, is filtered in a suitable way 
and multiplied by a suitable multiplication factor. 

30 

12. Method for providing a control signal for an auxiliary 
electric motor (45) of a bicycle (1) , wherein the said control 
signal is determined in accordance with a predetermined 
characteristic, on the basis of a measurement signal which is 

3 5 representative of the level of a pedal force (F P ) exerted by a 

rider of the bicycle, and wherein the said measurement signal is 
provided by means of a method according to any one of claims 2- 
11 . 
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13. System for measuring the level of an effort exerted by a 
rider of a human-powered vehicle (1), comprising: 

a single deformation sensor (50) which is attached, at a 
predetermined position, to a frame (10) of the vehicle (1) or to 
5 a component which is securely connected to the said frame, which 
deformation sensor (50) is designed to generate an electrical 
signal which is representative of the bending or torsion which 
occurs in the frame at this position; 

and a signal-processing unit (40) with an input (41) which is 
10 coupled to the deformation sensor (50) for receiving the signal 
generated thereby; 

the signal-processing unit (40) being designed to process the 
received measurement signal in a suitable way and to generate a 
signal representative of the said effort therefrom. 

15 

14. System according to claim 13, wherein said deformation 
sensor (50) comprises at least one strain gauge. 

15. System according to claim 14, wherein the sensor is 

2 0 designed as a sticker. 

16. System according to claim 13 or 14, wherein the said 
deformation sensor (50) and the said signal -processing unit (40) 
are integrated on a single chip. 

25 

17. System according to any one of claims 13-16, wherein a 
display (43) for displaying information derived from the 
received measurement signal by the signal -processing unit (40) 
is associated with the signal-processing unit (40) . 

30 

18. System according to any one of claims 13-16, wherein the 
signal-processing unit (40) is programmed to carry out a method 
according to any one of claims 2-12. 

3 5 19. Bicycle, comprising: 

a frame (10) ; 

wheels (18, 21) which are rotatably mounted on the said frame; 
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a crank system (26) which is coupled to at least one of the said 
wheels and having pedals (27) on which a rider can exert a force 
(F P ) ; 

a single deformation sensor (50) which, at a predetermined 
5 position, is attached to the frame (10) of the bicycle (1) or to 
a component which is securely connected to the said frame, which 
deformation sensor (50) is designed to generate an electrical 
signal which is representative of the bending or torsion in the 
frame (10) at this position; 
10 and a signal-processing unit (40) which is attached at a 

suitable location with respect to the frame (10) and having an 
input (41) which is coupled to the deformation sensor (50) for 
receiving the signal generated thereby; 

the signal -processing unit (40) being designed to process the 
15 received measurement signal in a suitable way and, from this 

processing, to generate a signal which is representative of the 
level of an effort made by the rider. 

20. Bicycle according to claim 19, wherein the signal - 

20 processing unit (40) is designed to generate from the received 

measurement signal a signal which is representative of the level 
of the force (F P ) exerted by the rider. 

21. Bicycle according to claim 19 or 20, wherein said 

25 deformation sensor (50) comprises at least one strain gauge, and 
wherein the sensor is preferably designed as a sticker. 

22. Bicycle according to claim 19 or 20, wherein said 
deformation sensor (50) and the said signal-processing unit (40) 

3 0 are integrated on a single chip. 

23. Bicycle according to any one of claims 19-22, wherein 
said deformation sensor (50) is a sensor sensitive to turning 
which is arranged at the bottom end of the bottom frame tube 

35 (12) . 



24. Bicycle according to any one of claims 19-22, wherein 

said deformation sensor (50) is a sensor sensitive to bending 
which is arranged on the saddle tube (13) or on the back axle. 
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25. Bicycle according to any one of claims 19-24, further 
provided with an auxiliary motor (45) coupled to the crank 
system (26) which is designed to exert an auxiliary propulsive 
force on the crank system (26) under the control of the signal- 

5 processing unit (40) ; 

and wherein the signal-processing unit (40) is designed to 
generate a control signal for the auxiliary motor (45) on the 
basis of the measurement signal received from the deformation 
sensor (50) . 

10 

26. Bicycle according to any one of claims 19-24, further 
provided with an automatically switching acceleration system 
which is designed to bring about a predetermined transmission 
ratio in the transmission line between the crank system (26) and 

15 a driven wheel under the control of the signal -processing unit 
(40) ; 

and wherein the signal-processing unit (40) is designed to 
generate a control signal for the automatically switching 
acceleration system on the basis of the measurement signal 
2 0 received from the deformation sensor (50) . 

27. Bicycle according to claim 25 or 26, wherein the signal- 
processing unit (40) is designed to assign a cyclist to 
predetermined cyclist categories on the basis of parameters 

2 5 which can be derived from the measurement signal received from 
the sensor (50) ; and wherein the signal-processing unit (40) is 
designed to generate a control signal with a predetermined 
control characteristic depending on the relevant cyclist 
category. 

30 

28. Method for measuring a force (Fk) in a substantially 
linear transmitting member (28) fitting around two rotating 
transmission members (2, 5) of a vehicle driven by human force, 
such as a bicycle, comprising the measurement of the bending 

35 occurring in a fixed axle (6) , in a plane which is substantially 
parallel to the said force (Fk) . 

29. Method according to claim 28, wherein a transmission 
member (5) , which is driven by the transmitting member (28) , is 
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mounted on a fixed axle (6) , wherein a bending sensor (50) is 
mounted on the said fixed axle (6) , and wherein the force (Fk) 
prevailing in the transmitting member (28) is derived from the 
instantaneous value of the measurement signal (S2) generated by 
5 the said sensor (50) . 

30. Method for measuring a force (Fk) in a substantially- 
linear transmitting member (28) fitting around two rotating 
transmission members (2, 5) of a vehicle driven by human force, 

10 such as a bicycle, comprising the measurement of the forces 

occurring in a bearing (62; 7) in a plane which is substantially 
parallel to the said force (Fk) . 

31. Method according to claim 30, wherein at least one of 
15 the said transmission members (2, 5) is rotatably mounted by 

means of bearings (62; 7) with respect to a frame (10), wherein 
at least one of the said bearings (62; 7) is provided with an 
integrated sensor (74; 174), and wherin the force (Fk) 
prevailing in the transmitting member (28) is derived from the 
20 measurement signal (SI; S4) generated by the said sensor (74; 
174) . 

32. Method according to claim 31, wherein a transmission 
member (2) driven by human force which drives the transmitting 

2 5 member (28) is attached to an axle (60) which is mounted by 

means of bearings (62) with respect to a frame (10) , and wherein 
at least one of the said bearings (62; 70; 170) is provided with 
an integrated sensor (74; 174). 

3 0 33. Method according to claim 32, wherein the said axle (60) 

is mounted in a housing (61) which is fixed with respect to the 
said frame (10) , and wherein the said integrated sensor (74B; 
174B) is associated with an outer race (72; 172) of said 
bearing . 

35 

34. Method according to claim 31, wherein a transmission 

member (5) , which is driven by the transmitting member (28) , is 
mounted by means of bearings (7) with respect to a frame (10) , 
at least one of the said bearings (7; 70; 170) being provided 
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with an integrated sensor (74; 174). 

35. Method according to claim 34, wherein the said 
transmission member (5) is mounted on an axle (6) fixed with 

5 respect to the said frame (10) , and wherein said integrated 

sensor (74A; 174A) is associated with an inner race (71; 171) of 
said bearing. 

36. Method according to any one of the preceding claims 28- 
10 35, wherein the transmission members (2, 5) and the transmitting 

member (28) form part of a drive system of a vehicle driven by 
human force, and wherein the vehicle speed is also derived from 
a component of the measurement signal generated by the said 
sensor (74; 174) . 

15 

37. Method according to any one of the preceding claims 28- 

36, wherein the transmission members (2, 5) and the transmitting 
member (28) form part of a drive system of a vehicle driven by 
human force, and wherein the pedal speed is also derived from a 

2 0 component of the measurement signal generated by the said sensor 

(50; 74; 174) . 

38. Method according to any one of the preceding claims 28- 

37, wherein the transmitting member (28) is a bicycle chain, and 

2 5 wherein the driven transmission member (5) is a sprocket 

associated with a driven bicycle wheel (21) . 

39. Method for actuating a motor (45) and/or a transmission 
system of a vehicle driven by human force, such as a bicycle, as 

3 0 a function of the force (Fk) exerted by a driver, the said force 

(Fk) being measured by means of a method according to any one of 
the preceding claims, and the activation of the motor (45) or 
the transmission system, respectively, being regulated as a 
function of the measurement signal provided in this way. 

35 

40. Vehicle which is driven by human force, for example a 
bicycle , comprising : 

a frame (10) ; 
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a driven wheel (21) , comprising a wheel hub (24) which, by means 
of wheel bearings (12R, 12L) , is mounted on an axle (6) which is 
fixed to the frame (10) , a rotatable transmission member, such 
as a sprocket (5) , being attached to the said wheel hub (24) ; 
5 a substantially linear, continuous transmitting member (28) , 
such as a chain, which at least partly fits around the said 
transmission member (5) ; 

the said axle (6) being provided with a bending sensor (50) 
which generates a measurement signal (S2) which is 
10 representative of a bending of the axle (6) . 

41. Vehicle according to claim 40, wherein the axle (6) with 
the sensor (50) mounted on it is mounted in such a manner with 
respect to the frame (10) that the said sensor (50) is sensitive 

15 to forces which are directed parallel to the driving force (Fk) 
in the transmitting member (28) and is substantially insensitive 
to force components which are directed perpendicular thereto. 

42. Vehicle according to claim 41, wherein the axle (6) is 

2 0 provided with a sensor- carrying part (51) , of which the bending 

strength is lower than the bending strength of adjacent axle 
sections, and wherein the sensor (50) is mounted on the said 
sensor- carrying part (51) which is more sensitive to 
deformation . 

25 

43. Vehicle according to claim 42, wherein the sensor- 
carrying part (51) has an axle cross section which differs from 
that of the said adjacent axle sections, and/or wherein the 
sensor- carrying part (51) is made from a material which differs 

3 0 from that of the said adjacent axle sections. 

44. Vehicle according to claim 43, wherein the axle 
thickness of the sensor- carrying part (51) is smaller in the 
direction of sensitivity than in the direction which lies 

3 5 perpendicular thereto. 



45. Vehicle according to claim 43, wherein the axle 

thickness of the sensor- carrying part (51) is smaller in the 
direction of sensitivity than the diameter of the said adjacent 
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axle sections, and wherein the axle thickness of the sensor- 
carrying part (51) in the direction perpendicular thereto is 
greater than the diameter of the said adjacent axle sections. 

5 46. Vehicle according to any one of claims 40-45, wherein 

the wheel (21) is provided with a hub motor (45) , the activation 
of which is controlled by a control member (40) which is 
preferably mounted on the axle (6) and a signal input of which 
is connected to the said bending sensor (50) in order to receive 
10 the measurement signal (S2) generated thereby; 

and wherein the control member (40) is designed to control the 
activation of the hub motor (45) on the basis of the measurement 
signal (S2) received from said sensor (50) . 

15 47. Vehicle which is driven by human force, for example a 

bicycle , comprising : 
a frame (10) ; 

a wheel (21) which is driven by a substantially linear, 
continuous transmitting member (28) , such as a chain; 
20 the transmitting member (28) being driven by a transmission 
member, such as a sprocket (2) , which is mounted on a crank. 
(60), the transmitting member (28) at least partially fitting 
around the said transmission member (2) ; 

the crank (60) being mounted, by means of crank bearings (62), 
25 in a bottom bracket (61) fixed to the frame (10) ; 

at least one of the said crank bearings (62) being provided with 
an integrated sensor (74; 174) which generates a measurement 
signal (SI) which is representative of a force occurring in the 
crank bearing (62) in question. 

30 

48. Vehicle according to claim 47, wherein the crank bearing 

(62) with integrated sensor (74; 174) is mounted in such a 
manner with respect to the frame (10) that the said sensor (74; 
174) is sensitive to forces which are directed parallel to the 
35 driving force (Fk) in transmitting member (28) and is 
substantially insensitive to force components directed 
perpendicular thereto. 
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49. Vehicle according to claim 47 or 48, wherein the sensor 

(74; 174) is associated with an outer race (72) of the 
corresponding crank bearing. 

5 50. Vehicle according to any one of claims 47-49, wherein 

the crank (60) is provided with a crank motor, the activation of 
which is controlled by a control member (40) which is fixed with 
respect to the bottom bracket and a signal input of which is 
connected to the said sensor (74; 174) in order to receive the 
10 measurement signal (SI) generated thereby; 

and wherein the control member (4 0) is designed to control the 
activation of the crank motor on the basis of the measurement 
signal (SI) received from the said sensor (74; 174). 

15 51. Vehicle which is driven by human force, for example a 

bicycle , comprising : 
a frame (10) ; 

a wheel (21) which is driven by a substantially linear, 
continuous transmitting member (28) , such as a chain; 

20 the wheel (21) comprising a wheel hub (24) which, by means of 
wheel bearings (12R, 12L) , is mounted on a rear axle (6) fixed 
to the frame (10), a transmission member, such as a sprocket 
(5) , being attached to the said wheel hub (24) , the transmitting 
member (2 8) at least partially fitting around the said 

2 5 transmission member (5) ; 

at least one of the said wheel bearings (12R, 12L) being 
provided with an integrated sensor (74; 174) which generates a 
measurement signal (SI) which is representative of a force 
occurring in the wheel bearing in question. 

30 

52. Vehicle according to claim 51, wherein the wheel bearing 
with integrated sensor (74; 174) is mounted in such a manner 
with respect to the frame (10) that the said sensor (74; 174) is 
sensitive to forces which are directed parallel to the driving 

35 force (Fk) in the transmitting member (28) and is substantially 
insensitive to force components directed perpendicular thereto. 

53. Vehicle according to claim 51 or 52, wherein the sensor 
(74; 174) is associated with an inner race (71) of the wheel 
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bearing in question. 

54. Vehicle according to any one of claims 51-53, wherein 
the axle (6) is provided with a hub motor (45) , the activation 

5 of which is controlled by a control member (40) which is mounted 
on the axle (6) and a signal input of which is connected to the 
said sensor (74; 174) in order to receive the measurement signal 
(SI) generated thereby; 

and wherein the control member (40) is designed to control the 
10 activation of the hub motor (45) on the basis of the measurement 
signal (SI) received from the said sensor (74; 174). 

55. Vehicle according to claim 46, 50 or 54, wherein the 
control member (40) is designed to derive information which is 

15 indicative of the pedalling frequency from the measurement 

signal and to control the activation of the motor on the basis 
of this information. 

56. Vehicle according to claim 46, 50, 54 or 55, wherein the 

2 0 control member (40) is designed to derive information which is 

indicative of the slope of the vehicle from the measurement, 
signal and to control the activation of the motor on the basis 
of this information. 

25 57. Rotary bearing (170), comprising: 

two bearing races (171, 172) which can rotate with respect to 
one another and have balls/rolls or the like (173) arranged 
between them; 

at least one of the said bearing races (171, 172) being provided 

3 0 with a deformation sensor (174) ; 

the said deformation sensor (174) being constantly influenced by 
at least one of the said balls/rolls or the like (173) . 

58. Rotary bearing according to claim 57, wherein the said 

3 5 deformation sensor (174) is designed to generate a signal which 
is representative of a combination of deformations caused by a 
plurality of the said balls/rolls or the like (173). 
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59. Rotary bearing according to claim 57 or 58, wherein the 
said deformation sensor (174) has an angular dimension which is 
such that the said deformation sensor (174) is always influenced 
by a constant number of the said balls/rolls or the like (173) . 

5 

60. Modular system for measuring a driving force in a 
substantially linear, continuous transmitting member (28) , such 
as a chain of a vehicle which is driven by human force, for 
example a bicycle, which system is designed to supply an 

10 electrical signal which is representative of the said driving 

force, which electrical signal can be used for a control member 
(40) of an assisting motor and/or a transmission system of the 
said vehicle; 

the said system comprising: 
15 an axle (6) which is provided with a bending sensor (50) , which 
bending sensor (50) generates a measurement signal (S2) which is 
representative of a bending of the axle (6) ; 

the axle (6) preferably being provided with a sensor-carrying 
part (51) , the bending strength of which is lower than the 

2 0 bending strength of adjacent axle sections, and the sensor (50) 

being mounted on the said deformation-sensitive sensor-carrying 
part (51) . 

61. System according to claim 60, wherein a control member 
25 (40) for a hub motor (45) is also mounted on the said axle (6), 

a signal input of which control member (40) is connected to the 
said bending sensor (50) in order to receive the measurement 
signal (S2) generated thereby; 

and wherein the control member is designed to control the 

3 0 activation of the hub motor (45) on the basis of the measurement 

signal (S2) received from said sensor (50) . 

62. System according to claim 61, wherein a hub (24) is 
rotatably mounted on said axle (6), and wherein said axle (6) is 

3 5 provided with a hub motor (45) , the activation of which is 
controlled by the said control member (40) . 

63. Modular system for measuring a driving force in a 
substantially linear, continuous transmitting member (28) , such 
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as a chain of a vehicle which is driven by human force, for 
example a bicycle, which system is designed to supply an 
electrical signal which is representative of the said driving 
force, which electrical signal can be used for a control member 
5 (40) of an assisting motor and/or a transmission system of the 
said vehicle; 

the said system comprising: 

a crank bearing (62) which is provided with an integrated sensor 
(74; 174), which sensor (74; 174) generates a measurement signal 
10 (SI) which is representative of a force which occurs in the 
crank bearing (62) in question. 

64. System according to claim 63, also comprising: 

a control member (40) , a signal input of which is connected to 
15 the said sensor (74; 174) in order to receive the measurement 
signal (SI) generated thereby; 

and a crank motor, the activation of which is controlled by said 
control member (40) on the basis of the measurement signal (SI) 
received from said sensor (74; 174). 

20 

65. Modular system for measuring a driving force in a 
substantially linear, continuous transmitting member (28) , such 
as a chain of a vehicle which is driven by human force, for 
example a bicycle, which system is designed to supply an 

2 5 electrical signal which is representative of the said driving 

force, which electrical signal can be used for a control member 
(40) of an assisting motor and/or a transmission system of the 
said vehicle; 

the said system comprising: 

3 0 a wheel bearing (12R) which is provided with an integrated 

sensor (74; 174), which sensor (74; 174) generates a measurement 
signal (SI) which is representative of a force occurring in the 
wheel bearing (12R) in question. 

35 66. System according to claim 65, also comprising a control 

member (40) , a signal input of which is connected to the said 
sensor (74; 174) in order to receive the measurement signal (SI) 
generated thereby; 
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and a hub motor (45) , the activation of which is controlled by 
said control member (40) on the basis of the measurement signal 

* 

(S2) received from said sensor (74; 174). 

5 67. Vehicle which is driven by human force, for example a 

bicycle, comprising : 
a frame (10) ; 

a wheel (21) which is driven by a substantially linear, 
continuous transmitting member (28) , such as a chain; the 
10 transmitting member (28) being driven by a transmission member, 
such as a sprocket (2) , which is mounted on a crank (60) , the 
transmitting member (28) at least partially fitting around the 
said transmission member (2) ; 

an automatic acceleration system being controlled on the basis 
15 of the driving force (Fk) supplied by the driver, by means of a 
modular system according to claim 60, 63 or 65. 
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